Extremal hypotheses without bank stability constraint typically over-predict and under-predict channel width in large rivers and natural streams, respectively. In general, results obtained from unconstrained extremal hypotheses are indicative of inappropriate agreement between predicted and observed dimensions of the rivers. One of the important factors in disparity of the data may be lack of appropriate relationships to assess bank vegetation of the rivers. For this reason, a modified analytical model has been developed to reduce the effect of bias by considering bank stability and vegetation. The model takes into account channel shape factor, a wide range of bed load equations in the form excess shear stress and vegetation quantification is able to predict optimal channel geometry dimensions. Finally, developed model was calibrated using the field data of the United Kingdom and Iran. In addition to indicating the effect of bank stability and vegetation on estimation of the geometric characteristics of the channel, obtained results also confirmed the efficiency of the constrained model in comparison to the unconstrained model. This study also provides support for the use of the concepts of maximum sediment transporting capacity and minimum stream power for understanding the operation of alluvial rivers.
Introduction

Governing flow equations
84
There are six equations to develop channel geometry as continuity, resistance, sediment transport, emphasize on the determination of sediment threshold of motion. As this is the state at which 103 sediment particles are in equilibrium, therefore, formulation of this will help solving problems such as non-erodible stable channel design, riprap size design to protect bed and banks of the channels and calculation of sediment transport in rivers [21] . 
134
At first, a non-dimensional channel shape factor  is defined as:
By which trapezoidal cross-section geometric parameters are expressed as: 
Where Equations 15 and 17 give:
bed bed 
Incorporating the expressions of bed
156 (a,b) produces:  should be equal to zero: 
By substituting S m from Equations 28 into Equations 14 and 15, relationships of bed width ((P bed ) m )
174
and maximum depth (D m ) are derived (variable slope): 
Substituting Equation 30 into Equation 13, the relationship of optimum surface width is produced: , Q smax is maintained:
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.01% ) ( (Fig. 3) . This
208
illustrates that with an increase in  , optimum bed width decreases and maximum sediment 209 transport increases.
210
Sensitivity analysis was also conducted on variations of D 50bank using MPM [22] and Parker [24] 211 equations (Fig. 4) . It shows that with an increase in D 50bank , surface width decreases while 
Model Calibration
218
In this study, two case studies have been used to calibrate the model as follows: Type 2, 1-5% tree/shrub cover; Type 3, 5-50% tree/shrub cover, Type 4, greater than 50% 224 tree/shrub cover or incised into flood plain. [24] (Fig. 5) . 
2.3.Effect of Bank vegetation
241
The aim of this section is to investigate the effect of vegetation in estimation of stable width and (Fig. 6) . Therefore, the process was repeated for all 246 types 1, 2, 3 and 4 in details ( Table 2) . As it is shown in Fig. 6 Table 1 and other input data were considered with and without bank constraint.
294
The model error (in percent) in estimation of the bankfull width and depth is presented in Table 5 .
295
The results clearly showed a better efficiency of the constrained model compared to the 
Conclusion
300
The developed model in this study has a great deal of flexibility with regards to resistance and bed 301 load equations. The model has a broad scope of applicability based on available data. The model may also be applicable for the circumstances where  values are required to be 310 calibrated to assess bank stability at a cross section of a river. 
